1. The histological development of the bursa of Fabricius in the chicken is described.
I. INTRODUCTION
The function of the bursa of Fabricius has become a matter of considerable interest to immunologists in recent years. There is some evidence to suggest that its presence is necessary during the first week after hatching if the chick is to become capable of normal immune responses (Mueller, Wolfe, and Meyer 1960) . The bursa begins to atrophy at about 6 months of age and only a fibrous remnant is present at 12 months. There is therefore a tendency to equate its probable function with that of the thymus in mammals especially as the normal histology of the organ is more akin to that of the thymus than any other mammalian organ. From the point of view of the present work a feature of great interest is the process by which the lymphoid follicles of the bursa develop from the early nodules in the pseudostratified entodermal epithelium of the early bursal sac. Ackerman and Knouff (1959) believe that there is a direct transformation of proliferating epithelial cells into lymphoblasts from which the lymphocytes of the developed organ eventually derive.
It was first reported by Meyer, Rao, and Aspinall (1959) that administration of about 0·6 mg of 19-nortestosterone at the 4th or 5th day of incubation would completely inhibit the development of the bursa. This has been readily confirmed by Mueller, Wolfe, and Meyer (1960) , who showed that "hormonally bursectomized" chickens were sickly after hatching and failed to produce antibody, and by Papermaster, Friedman, and Good (1961) , who noted that the hatched chickens were still susceptible (unlike normal birds of the same age) to graft versus host disease when 7-12 days of age.
In view of our general interest in the phenomena of avian immunology we have investigated the possibility of producing birds lacking all lymphoid tissue in the bursa. Since 19-nortestosterone was at the time not available to us, preliminary tests were made with testosterone propionate, which was found to have almost identical effects to those described for 19-nortestosterone although the dosage required is higher. In addition to showing the effect obtained by early administration, we have been able to obtain chickens with bursal sacs lined with epithelium but completely lacking lymphoid follicles by giving an appropriate dose of testosterone at 12-13 days incubation. The present paper is concerned with the changes observed in the size and histological appearance of the bursa after administration of testosterone at different stages of development.
II. MATERIALS AND METHODS
Testosterone was obtained as testosterone propionate, 50 mg/ml solution in corn oil (British Drug Houses). Dilutions required were made in sterile olive oil and the dose injected in a volume of 0·1 mI. The yolk-sac route was used in younger embryos, older ones were injected into the allantoic cavity.
Chick embryos were white leghornfAustralorp hybrids from fertile eggs obtained from a commercial source. The eggs before and after injection were incubated at lOO°F (37· 8°C) and turned daily.
Specimens for histological examination were fixed in Zenker-formol and stained withhaematoxylin and eosin.
III. RESULTS

(a) N orrnal Development
The normal development of the bursa of Fabricius in the chick embryo has been described by various authors (see Romanoff 1960) , and most recently by Ackerman and Knouff (1960) . Our own findings are in full accord with their account.
The general form of the bursa is visible at the 12th or 13th day of incubation when sections show the characteristic plica covered with a uniform layer of pseudostratified epithelium. The tunica propria of the organ is composed of loose mesenchymal tissue within which are areas of haemopoietic tissue. About the 13th day points of epithelial proliferation appear and by the following day give rise to nodules of unequivocal epithelium fairly uniformly distributed over the lining membrane. The nodules progressively enlarge, each eventually giving rise to one of the lymphoid follicles (follicles of Stannius) which are present during the weeks following hatching. According to Ackerman and Knouff (1960) the epithelial cells in the nodules proliferate rapidly, lose their normal regular packing, and take on the character oflymphoblasts. From these the lymphoid follicle develops. Earlier observers preferred to believe that the lymphoid transformation was due to the entry of primitive mesenchymal cells from the tunica propria. The general course of development can be clearly seen in Plates 1-3. From the 19th day onward the bulk of the substance of each plica is made up of the lymphoid follicles which soon become closely packed. Each, however, remains clearly demarcated from its neighbours and between the follicles there are strands of connective tissue and blood vessels. This brief account is simply to provide a background for the changes associated with the action of testosterone.
(b) Effect of Testosterone Given during the Early Stage,,! of Development
Following preliminary experiments, two series of 10 or more embryos at each stage of development were injected with 1 or 2 mg of testosterone into the yolk sac. Tests were made from the pre-incubation period onwards but injection of solvent alone produced almost 100% mortality in the earliest stages and results are only significant from 4 days onward. All embryos that had survived were examined at the 19th day of incubation and the macroscopic appearances recorded. Representative bursae were taken for section. The results which are combined in Table 1 indicate that with 2 mg of testosterone there was complete failure of the bursa to appear 
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-3 ++ (3) in embryos injected at the 6th day or earlier. The one exception at the 5th day must obviously be ascribed to some anomalous situation or technical lapse. Injection on the 7th and 8th days gave a proportion of very small bursae. It will be obvious from Table 1 that sex of the embryo can have no important bearing on the results. In several series specific note was made of the sex of the embryos being examined at 19 days incubation. There was no indication of any difference in the results as between male and female.
Histologically the very small bursae which developed after early treatment usually showed a small irregular cavity lined by pseudostratified epitheliuin with at most a few crypt-like structures. No lymphoid tissue was present when 2 mg of testosterone had been used but some of those receiving the smaller dose showed a few small but relatively mature lymphoid follicles (Plate 4, Fig. I ). In the embryos injected at 8 or 9 days various types of abortive development of lymphoid epithelial follicles could be seen. In one embryo treated at 9 days the bursa showed welldeveloped lymphoid follicles at one side but on the other somewhat polypoid over-growth of epithelium with very little evidence of nodule or follicle formation (Plate 4, Fig. 2 ).
Perhaps the most interesting histological findings were those obtained when embryos were inoculated at 13 days, i.e. at a time when development of the initial epithelial stage of the follicles is in progress. When examined at 19 days the bursae were of normal size but of softer consistency than normal, 3-4·5 mm in diameter. Sections showed a much larger lumen lined by irregular folds of epithelium closely resembling normal rectal epithelium. In most sections typical lymphoid follicles were completely lacking. The following notes in regard to epithelial and lymphoid follicles are given for three embryos injected into the yolk sac and six into the allantoic cavity at 13 days: The nature of such partial replacement of lymphoid follicles by epithelial structures is more clearly seen in bursae from embryos treated at a later stage of development. A test of graded doses of testosterone given at 5 days incubation gave results shown in Table 2 . 
0(9); ±(3) Mature lymph follicles in ± 0·75 6 0(3) ; ±(3) Mature lymph follicles in ± 0·5 6 +(4); ++ (2) One milligram per embryo is the smallest dose that can be relied on to produce marked or complete inhibition of development. It was noteworthy that most of the very small bursae that were sectioned showed small numbers of typical lymphoid follicles.
(c) Analysis of Results of Testosterone Treatment at 13 Days
Our primary interest in the effect of testosterone on the bursa of Fabricius was to investigate the effect of eliminating lymphoid tissue in the bursa on various immunological capacities of the chick. The possibility of doing this without producing the side effects of early injection, made it of special interest to investigate the later stages of development in chicks given the hormone at 13 days. At this stage in the normal embryo the bursa has developed its general form but the plicae are covered by a uniform sheet of epithelium within which nodules are just beginning to develop (Plate 1, Fig. 1 ). Embryos were killed and examined at various stages after injection with testosterone and the main features of the results are shown in Table 3 . Since the bursae were as a routine cut longitudinally, the results are comparable.
In summary, this dose does not always completely inhibit the appearance of epithelial nodules and their development toward lymphoid follicles but the numbers are small and in the later stages (after hatching) atrophy of the bursa takes place. This is also shown when the hormone is given at 12 days incubation. Three chickens so treated were killed 3 weeks after hatching. The bursae were small, 2 '1, 2 '1, and 1· 2 mm in longest diameter, with thickened highly cellular walls and a small lumen which in two was composed of incompletely joined clefts. There was no lymphoid tissue visible in any of the sections.
(d) Administration of Testosterone at Later Stages
To complete the picture older embryos were given the same dose, 2 mg per embryo, into the allantoic cavity and sections of the bursa prepared at 19 days incubation and 3 days after hatching. The results are summarized in Table 4 .
The most interesting feature of this study is the effect observed on 17 -day embryos in which the lymphoid change was well established at the time the testosterone was injected. There has been a striking reversal of the process by which an epithelial rudiment gives rise to a lymphoid follicle. In one way or another the follicles are losing their lymphoid character, the most striking appearance being the appearance of frank epithelial areas which often develop a small vacuole or cyst. Often this process seems to go on to the formation of an epithelial crypt in communication with the lumen of the bursa. When, as is usually the case, there is also a polypoid proliferation of epithelium, the end result closely resembles a section of intestinal mucosa. In some instances the picture seems to represent a simple atrophy of the lymph follicles without epithelial change (Plates 6 and 7).
(e) Effect of Testosterone on Bursal Tissue Grafted on the Ohorio-allantoic Membrane
As a preliminary to a more intensive investigation of the process by which lymphoid tissue develops in the bursa, a number of experiments were made in which small pieces of bursa from 13-day embryos were implanted on the chorio-allantoic membrane of 14-day embryos. The fragments usually became attached to the membrane and showed some enlargement. They were harvested for section after
The effects are, in general, what might be expected from the effect of testosterone on the embryo as a whole. On the normal embryo the fragment attaches and undergoes a fairly normal development showing typical lymphoid foci in four out of six and including all which appeared to be "good takes". Two showed considerable epithelial proliferation. The pieces placed on testosterone-treated embryos were considerably larger than when they were placed on the membrane, showed no lymphoid follicles, and an enlarged but relatively simple epithelial coat. There was a much increased amount of loose interstitial tissue. Typical sections are shown in Plate 8, Figures I and 2 . In all cases graft from 13-day bursal fragment
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IV. DISCUSSION
The effect of relatively large doses of testosterone on the development of the bursa of Fabricius is striking and reproducible. At least two actions can be recognized. When the hormone is administered before the 8th day the development of the epithelial sac is inhibited and in a high proportion of embryos no recognizable bursa can be seen macroscopically at the 19th day of incubation. When a bursa does develop it is very small with incomplete development of plicae, but in a considerable proportion of embryos inoculated at 5 days with 1 mg, or less, a small number of relatively normal lymphoid follicles develop. In view of the strongly "lympholytic" action of testosterone at a later stage, one must deduce that the testosterone is metabolized or otherwise rendered inert a few days after injection into the embryo.
The second type of effect is seen characteristically from 13 days incubation onward, i.e. when the process of lymphoid follicle development has been initiated by the appearance of epithelial nodules. All the appearances suggest that the nodules in the epithelium have two possible destinies. They may follow the course normal to the bursa and develop into the lymphoid follicles of Stannius with their very striking resemblance to lobules of thymus with similar demarcation into cortex and medulla. Alternatively they may develop as they would in the large intestine to form epithelial crypts or glandular structures. This is essentially what takes place under the influence of testosterone, and the histological appearances shown particularly in Plates 6 and 7 represent various intermediate stages of the conflict. -Graft of 13-day bursa on 14-day chorio-allantoic membrane of embryo given 2 mg testosterone on the 13th day of incubation. Section made after 5 days on the chorio-allantoic membrane and shows active growth of mesodermal tissues and surface epithelium with a few crypts but no trace of lymphoid follicles. Hand E stain. X 95.
Aust. J. Biol. Sci., Vol. 14, No.4 A closer analysis of the process will need much more attention to histochemical detail than has yet been possible. Superficially our results speak strongly in favour of the epithelial origin of the follicles. The changes that follow testosterone treatment of 17 -day embryos seem to represent a direct transformation of medullary cells into epithelium of intestinal type. However, it would be equally possible for those who believe that the lymphoid cells are derived from mesenchymal cells invading the epithelial nodules from the interstitial tissue to provide a corresponding explanation for the reverse change. On this view the medulla contains, in addition to lymphoblasts and reticulum cells, discrete cells of epithelial origin. Under the influence of testosterone these are stimulated to proliferate and as they do, to crowd out the lymphoid cells which may either autolyse or pass into the blood stream. A decision between these two alternatives may have an important bearing on the process of differentiation by which lymphocytes are produced.
We are not concerned in this paper with the immunological significance of the bursa or the effect of its functional absence on the health of the hatched chicken. These features are under study and it need only be noted that chickens "hormonally bursectomized" by early administration suffer from impacted faeces and usually die early. This confirms earlier findings of Mueller, Wolfe, and Meyer (1960) and Papermaster, Friedman, and Good (1961) . Those treated later (12-13 days) show better survival though there is still an abnormally high mortality.
